Background
Introduction
Burkholderia pseudomallei, the etiological agent of melioidosis, is known to inhabit the soil and water in endemic areas in countries such as northeast Thailand, Singapore, Malaysia and the top end of Northern territory of Australia [1] . In these areas, the rural population involved in agricultural activities especially rice farming is at high risk of exposure primarily through inoculation, inhalation or aspiration. The host, once exposed, may harbor the bacteria for a prolonged period without any symptoms or may develop severe disease with protean manifestations, however the most likely outcome of exposure is seroconversion without harboring the bacterium at all [1] [2] [3] . While majority of patients present with community acquired pneumonia associated with sepsis, it is not uncommon for skin or soft tissue infections, multiple organ abscesses, neurological infections, bone and joint infection or pericardial effusion to occur [1, 2, 4] . Individuals with diabetes, renal disease or immunosuppressive illnesses suffer from more severe illness and relatively high mortality [1, 2, 5] . Several case reports or case series of melioidosis have been reported from India, including a large descriptive study that reported a high mortality of 41% in patients with septic shock [6] [7] [8] [9] [10] . It is possible that melioidosis is grossly under-diagnosed and/or misdiagnosed in India due to several factors such as lack of awareness amongst clinicians and microbiologists, absence of diagnostic laboratories in many rural areas, inadequate serological methods, inadequate surveillance systems, and limited research. In recent years, the increasing numbers of melioidosis cases reported across India, including our tertiary hospital located in the western coast of South India, strengthens the evidence of its endemicity in India [9, 10] . Most of these patients are residents from the surrounding rural areas and present with late complications. Therefore, we undertook the present study to assess the rate of seroprevalence of B. pseudomallei and to identify the risk determinants of seropositivity among the adult general population residing in the catchment area of our hospital at Udupi.
Methods

Study design and population
A population-based cross-sectional study was conducted over a period of twelve months from June 2010 to May 2011. The study area was located in the coastal region of Udupi district along the west coast of Karnataka State, in south India, covering 929 square kilometer area at 13.3389°N and 74.7451°E. About 15% of the total population is engaged in agricultural activities primarily in rice farming, coconut and areca plantations. This region receives an average rainfall of 385 centimeters in a year during June to September from the southwest monsoon which is the main source of water for drinking and agricultural activities. Of the total 120 geographical divisions in Udupi, we randomly selected 23 (19%) locations and study subjects were sampled using probabilities proportional to their population sizes. After obtaining written informed consent, 711 adults between 18 and 65 years of age were recruited in the study. A field-tested questionnaire was administered face-to-face to elicit information on socio-demographics, occupation, activities leading to environmental exposure to the bacteria such as gardening, swimming etc., housing conditions, personal habits, lifestyle, travel and medical conditions. Serum samples were collected and stored at -70°C until tested. The serum samples were then assayed for the presence of anti-B. pseudomallei antibodies using indirect heamagglutination (IHA) test using the polysaccharide antigens prepared in our laboratory from clinical isolates of B. pseudomallei, as described by Peacock and Wuthiekanun [11] . Optimum dilution of antigen was titrated against the known positive serum provided by Mahidol Oxford Research Unit, Bangkok, Thailand. A titer of 20 was considered positive.
Ethical approval
Ethical approvals were obtained from both the Institutional Ethics Committee of Manipal University, Manipal, India, and from the Institutional Review Board of University of Alabama at Birmingham, USA. Written informed consent for all procedures was obtained from the 711 adult subjects.
Data analysis
All data including the heamagglutination titers were entered in Microsoft excel and analyzed using SPSS ver. 16 .0. Initial analyses compared subject characteristics according to seropositivity status using the Chi square test for categorical variables and t-test for continuous variables. Seropositivity was considered as a dichotomous variable (positive, tire level 20; negative, level <20). We analyzed association of various risk factors with prevalence of seropositivity using a Cochrane-Mantel-Haenszel statistics to estimate crude prevalence odds ratio (PORs) and their corresponding 95% confidence intervals (CIs). An exact logistic regression procedure was used for multivariable analysis to estimate adjusted PORs and their corresponding 95% CIs. A stepwise selection process was used to include significant variables in the multivariable models. We included a risk factor in a particular multiple regression models if the unadjusted POR was statistically significant or if the crude POR for the risk factor and seropositivity was 2 or 0.5 and if the prevalence of the seropositivity was at least 0.1 among subjects exposed to the risk factor. Statistical significance was considered with a p value less than 0.05. We also mapped the sampling sites and their corresponding rate of seroprevalence using ArcGIS 10.3. A cluster analysis was conducted to identify statistically significant hot spots, cold spots, and spatial outliers using the Anselin Local Moran's I statistic.
Results
The overall seroprevalence (antibody tires 20) in the present study was 29% (n = 206). About 53% of subjects did not show any evidence of seropositivity while 18% had antibody titers of 10 thus, raising overall rate of any demonstrable antibody levels to 47%. Table 1 displays subject characteristics according to seropositivity status and the associated crude POR and CI for each potential risk factor. The median age of study participants was 36 years (SD ± 12.2, IQR 28-47 
in men)
. Furthermore, gardening and washing clothes in the river showed significant association with seropositivity but the latter had zero subjects in the seronegative group. There was no remarkable difference in seropositivity with regards to other risk factors such as occupation, job skill levels, activities involving environmental exposure, history of diabetes and other chronic disease. In final multivariate logistic regression analysis, only female gender emerged as an independent risk factor for seropositivity when adjusted for age, gardening and religion (Table 2) . Among various sampling locations, the rate of seroprevalence ranged between 10% -69%. The results of the cluster analysis produced a map that displayed high rate geographical clusters (red) of seropositivity in the study area (Fig 1) . The two sampling sites identified as clusters had seropositivity of 53.8% and 57.1%. We did not find any low rate clusters in the area. Based on our knowledge of the local geography, the clusters were found in close proximity to river beds where the land was used mainly for agricultural activities.
Discussion
To our knowledge this is the first population-based survey from India to assess the serological evidence of exposure to B. pseudomallei. The present study showed 29% seropositivity to B. pseudomallei among the adult general population including farmers. Although there is no preferred method to study the exposure status of an individual to B. pseudomallei, IHA is the widely accepted method for this purpose [12] . An IHA titer of 1: 10 has been traditionally used as an evidence of exposure, but we analyzed results using a higher cut off 1:20 to enhance specificity of test results [13] .
In bivariate analysis, risk factors including female gender, gardening and washing clothes in river, were found to be significantly associated with seropositive status. However, only female gender was found significant in multivariate analysis. Age and occupation, particularly those involving contact with soil and water did not show any relationship with seropositivity; in particular, differences in seropositivity status between farmers and non-farmers were unremarkable.
The overall rate of seroprevalence of 29% in the present study is comparable with rates reported from other endemic countries like Thailand (21-47%) [14] , northern Australia (8-29%) [15] and Vietnam (6.4-31.8%) [16] . A previous study from a rice growing area near Vellore, South India, reported a seropositivity of 10.2% [17] . This evidence is further supported by detection of about 20 to 25 culture-confirmed cases of melioidosis every year at our single tertiary care center [9, 10] .
The study results are important in light of conflicting results from countries with high incidence rates of melioidosis such as northeast Thailand and Northern Australia. Northeast Thailand shows high seropositivity and high incidence while the latter demonstrates lower seropositivity despite of high incidence rates of melioidosis [14, 18, 19] . Possible explanations for this difference include exposure to nonpathogenic cross reacting environmental Burkholderia species in Thailand leading to high seropositivity, differing clinical epidemiology between the regions, and speculations about differing modes of infection and virulence of bacterial strains. While the current understanding of clinical epidemiology in India suggest similarities in clinical presentations with both Northern Australia and Thailand [20] , more research is warranted to explore the exposure dynamics of populations under study. India has the world's largest population of >65 million people diagnosed with diabetes; about 25% of this population reside in rural areas. Diabetes is an established risk factor for melioidosis; thus, a large population is potentially at risk for melioidosis in rural areas who may be underdiagnosed or misdiagnosed [1, 21] .
Among various socio-demographic factors examined, we found a significantly high seroprevalence in females compared to males although the disease has a male preponderance as reported earlier from a nearby tertiary care center [10] and in our experience. These results are consistent with several studies that also showed higher disease rates among males compared to females [12, 22] . In contrast, a recent report from Bangladesh described a similar seropositivity in both genders [23] . A difference in immunity to melioidosis between genders is unclear. It is speculated that the bulk of activities might determine the seroconversion among the genders. Less vigorous outdoor activities such as gardening or minor agricultural tasks with subsequent exposure to low inoculum of bacteria among women may lead to a mere serological response with or without subclinical infection, while men may be exposed to a larger inoculum leading to disease development due to their more rigorous outdoor physical activities. This hypothesis may be further supported by increased incidence of melioidosis during monsoonal season when individuals have prolonged and intense contact with soil and surface water at a higher inoculum of bacteria.
The relationship between age and seropositivity to B. pseudomallei has been inconsistent. Endemic countries such as Thailand reported an inverse relationship with age while a study from Bangladesh on non-melioidosis patients did not find any association with age [24, 25] . Our study which excluded children < 18 years and did not find significant differences among adults in different age groups. The natural waning of antibody levels and reduced degree of exposure to B. pseudomallei might occur with increasing age although this could not be demonstrated in this study. The majority of the seropositive elderly in this study were actively working in rice fields which might have contributed for their positive antibody levels. It is currently unclear as to how long the antibody levels persist after environmental exposure to the bacterium. However, it is likely that continuous exposure to soil bacterium due to physical activities in adulthood may lead to demonstrable antibody levels in this age group.
We did not find any difference in seropositivity between farmers and non-farmers or among various skill levels of jobs. Activities involving environmental exposure to soil bacterium such as gardening, and washing clothes in river were positively associated with seropositive status across all occupational groups. This suggests that non-farmers are equally likely to be exposed to B. pseudomallei as farmers through activities that are not related to farm work. This finding gains prominence from a public health perspective in India as merely targeting specific occupational groups for disease surveillance or health education may not cover all population at risk of exposure to B. pseudomallei.
The spatial mapping showed high clusters of seropositivity in two of the 23 sampling locations. These sites were located about 10-15 kilometers from the coast and in close proximity to river bed with agricultural activity. Additional data from environmental sampling of soil and water in these areas could provide insights in to the relationship between level of bacterium in the environment and incidence of melioidosis cases.
The study had some limitations. It did not include children and hence, we could not determine the earliest age for seropositivity. Further, we could not correlate the clinical incidence rates of melioidosis and degree of seropositivity in various study locations as melioidosis disease mapping is still in its infancy in India. The IHA test detects antibodies against crude whole cell antigens of B. pseudomallei. Hence it is likely that some of the seropositivities may actually reflect cross reacting antibodies developed after exposure to B.thailandensis, a natural habitat of soil closely related to the former [26] . Due to limited resources, we could not expand the study to conduct environmental sampling of soil and water for presence of B. pseudomallei and other Burkholderia spp. that could have provided better insights into risk determinants of seropositivity.
The study adds valuable perspectives to the current understanding of melioidosis in this region in India. Awareness among primary physicians about the disease and strengthening laboratory facilities for early diagnosis would be the priority areas for capacity building. These findings prompt us to explore the ecology of B. pseudomallei in the environment before we conclude significant risk determinants of seropositivity. A detailed search for environmental distribution including soil and surface water combined with weather determinants would provide more insights into the burden of B. pseudomallei in the environment.
Conclusion
This first seroprevalence study has provided important evidence of environmental exposure to B. pseudomallei in India where cases of melioidosis are increasingly detected. Although a low health priority at the current time, findings of this study reiterates the need to dedicate more resources to diagnosis, treatment and environmental research pertaining to meliodosis in India.
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